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616a Wednesday, February 29, 2012AMP known to form toroidal pores, however questions exists about the ar-
rangement of the peptides in the pore and their secondary structure. In case
of Magainin 2, although one of the most studied AMP, even the existence of
the toroidal pore was recently questioned.
We present here a computational study that compares model pores formed by
Melittin and Magainin 2 to investigate the preference for the formation of a to-
roidal pore and the factors that favor this preference. Four pores with different
arrangement of peptides and different helicity are constructed for both Melit-
tin and Magainin 2: symmetric less-helical, asymmetric less-helical, symmet-
ric helical and asymmetric helical. Each pore has four peptides: if the
C-termini of all the four peptides are anchored to one of the lipid leaflets
the arrangement is asymmetric. If the C-termini are distributed evenly to
both leaflets the arrangement is symmetric. One set of pores was constructed
with the helical crystal structure of the peptides and the other with a less he-
lical structure. We observe that the pore containing four less-helical Melittins
in a symmetric arrangement is toroidal. A pore containing Magainin peptides,
although permitting the flow of water, does not produce bending of the lipid
head groups and hence is not toroidal. We propose that the difference in
charge distribution along the peptides Melittin and Magainin 2 can explain
our observation.
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Membrane active peptides represent a class of potent peptides that disrupt cell
membranes, penetrate through them or form transmembrane pores via mecha-
nisms that are not well understood. Understanding how these simple peptides
induce such a large diversity of processes will provide insights into the
function of antimicrobial peptides (AMPs) and related families such as fusion
peptides. Here, we present a combined biophysical and molecular-dynamics
study on the interaction of an AMP,
BPC194:c(KKLKKFKKLQ), with model
membranes and correlate to in vivo obser-
vations. Our results showed that the pep-
tide partitions to the membranes, folds at
the interface and subsequently penetrates
deeper opening a stable pore (~2 nm in di-
ameter) characterized by MD, electrophys-
iology and confocal microscopy.
Furthermore, FRET and cryo-EM experi-
ments showed that the peptide is also
able to cause membrane fusion. The ob-
served growth inhibition and the rupturing of the E. coli outer and inner mem-
brane at the onset of killing suggests that several processes take place at the
cell envelope along with poration. On the basis of in vitro and in vivo data
and MD simulations, we show for the first time how an AMP operates by
‘‘multi-hit’’ action.
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Solid-state 19F-NMR structure analysis of membrane-bound peptides is rou-
tinely feasible now in macroscopically oriented samples. For many long amphi-
philic a-helices, their membrane-induced folding, re-alignment and insertion
into the lipid bilayer has been characterized as a series of consecutive steps, ul-
timately leading to pore-formation across the membrane. More recently, how-
ever, we have examined various short peptides that are not long enough to spanthe lipid bilayer, and whose biological action cannot be explained in terms of
classical models of oligomeric pore formation. For example, the 13-aa antimi-
crobial peptide Temporin A from frog skin, as well as the 11-aa antimicrobial
and cell penetrating sequence of BP100, are found to insert as a-helices with an
oblique tilt angle into membranes over a wide range of conditions. In this align-
ment the height of the backbone matches only the width of a single monolayer.
Based on this structural knowledge and on fluorescence studies with lipid ves-
icles, and further supported by all-atom MD simulations, we postulate a novel
proton shuttling mechanism for Temporin A, similar to the decoupler molecule
CCCP. BP100, on the other hand, appears to be tautly suspended inbetween the
polar bilayer surfaces of DMPC model membranes via snorkeling lysine resi-
dues, and the same unusual structure is observed by 19F-NMR even in native
bacterial membranes.
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A leading hypothesis for the attrition of insulin-producing beta-cells in type 2
diabetes attributes the cause to islet amyloid polypeptide (IAPP) for its del-
eterious effects on the cell membranes. This idea has initiated extensive in-
vestigations on human IAPP (hIAPP) and its interactions with lipid bilayers.
However, it is still difficult to correlate its modes of interactions with its ef-
fects on islet cells in culture, which indeed induce cell death. HIAPP fibrils
demonstrably interact with lipids and damage lipid bilayers, but appear to
have no effect on islet cells in culture. Thus a modified amyloid hypothesis
assumes that the toxicity is caused by hIAPP oligomers which are not pre-
amyloid fibrils or protofibrils. But so far such oligomers have not been iso-
lated or identified. HIAPP monomers also bind to lipid bilayers, but the
mode of interaction is not clear. Here we performed two types of experi-
ments that have not been done before. First we used X-ray diffraction, in
conjunction with CD measurement, to reveal the location of the peptide
bound in a lipid bilayer. We then observed the effects of hIAPP, either in
its fibril form or in its monomeric form, on giant unilamellar vesicles. The
results show that the peptide binds to the headgroup-chain interface only
in its alpha-helical form. Once the peptides transform to beta-aggregates,
the latter come out of the interfacial binding region and bind or attach to
the surface of lipid bilayers. The process of hIAPP transforming from the
bound alpha-helices to beta-aggregates extracts lipid molecules to become
part of the aggregation. We believe that this process also creates defects
in the lipid bilayer that allow transmembrane ion conduction as a possible
damage to cell membranes.
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A current hypothesis for Alzheimer’s disease (AD) proposes that increased
levels of amyloid-beta (Ab) peptides induce uncontrolled, neurotoxic ion
flux across cellular membranes. The resulting dysregulation of ion homeo-
stasis, in particular calcium ions, has been associated with neuronal degen-
eration and eventual death and may thus contribute to cognitive impairment
typical for AD. Ab-dependent ionic dysregulation may occur by direct
membrane permeabilization; or via Ab binding to cell membrane receptors
with subsequent opening of existing ion channels or transporters; or via
a combination of both mechanisms. Typically receptor binding interactions
are stereo-specific. Here we have taken advantage of this feature and used
it to interrogate the mechanism(s) of amyloid toxicity by comparing
whether the all D-amino acids Ab(1-42)behaves like the natural all
L-Ab(1-42). Using planar lipid bilayer (PLB) electrophysiological record-
ings, cell toxicity assays and molecular dynamics (MD) simulations, we
present evidence showing that: the D-Ab isomer exhibits a bilayer behavior
Wednesday, February 29, 2012 617aindistinguishable from that described previously for L-Ab isomer. Namely,
both peptides form channel-like pores with heterogeneous conductances,
similar cation selectivity and both are blocked by Zn2þ. MD simulations
show comparable b-barrel-like Ab channels stability for D- and L-isomers,
and both Ab barrels isomers exhibit higher probability to cations in the sol-
vated pore. Cell toxicity assays show similar toxicity levels for both Ab
isomers, consistent with earlier reports. The combined results suggest that
Ab cell toxicity is predominantly receptor-independent, non-stereo selective
and imply a mechanism where increased levels of endogenous L-Ab are
toxic to cells mostly via direct pore formation. The findings presented
lend support to the AD hypothesis suggesting cellular ion-dysregulation
via Ab channel formation.
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tute on Aging AG028709) extramural program (RL).Platform: Imaging & Optical Microscopy:
Cell & Tissue Imaging
3132-Plat
Towards Single Cell Optical Tomography
Mario Feingold, Gideon Carmon, Itzhak Fishov.
Ben Gurion University of the Negev, Beer Sheva, Israel.Figure - A trapped E. coli cell.
Left: horizontal orientation;
Right: vertical orientation. A)
Phase contrast image, B)
FM4-64 image of the cytoplas-
mic membrane, C) GFP image
of the Z-ring.Using a single-beam, oscillating Optical Twee-
zers we demonstrate trapping and rotation of
rod-shaped bacterial cells with respect to the op-
tical axis [1]. The angle of rotation is deter-
mined by the amplitude of the oscillation.
This technique allows imaging fluorescently la-
beled 3D sub-cellular structures from different,
optimized viewpoints. To illustrate our method
we analyze the Z-ring of E. coli [2]. We use
cells that express FtsZ-GFP and have their cyto-
plasmic membrane stained with FM4-64 (Fig-
ure). In a vertically oriented cell, both the Z-
ring and the cytoplasmic membrane images ap-
pear as symmetric circular structures that lend
themselves to quantitative analysis.
Scanning the cell alignment and using 3D image
reconstruction from the corresponding images
of a fluorescently labeled 3D sub-cellular struc-
ture, would make our approach analogous to
that of cryo-electron tomography.3133-Plat
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We use spatio-temporal correlation methods with transmitted light microscopy
to demonstrate a novel pattern of internal-to-cortical circular cytoplasmic flow
in meiosis II mouse oocytes. This flow is responsible for poising the spindle
near the cortex for completion of meiosis II and successful oocyte fertilization.
We show that this flow is driven by a balance of Arp2/3-complex-induced
actin nucleation at the cortex and myosin-II-driven contraction of the cortex.
STICS analysis of EGFP-Utrophin-labeled
actin fibers shows cortical outflows with
velocities consistent with those required to
drive the cytoplasmic streaming. Inhibition
of the Arp2/3-complex with CK-666 reverses
this flow and leads to internal movement of
the spindle away from the cortex. Interest-
ingly, neither inhibition of actin polymeriza-
tion, myosin-II contraction, nor microtubule
depolymerization resulted in spindle internal-
ization or large changes in cytoplasmic
streaming. Kymograph analysis of the cortex
stained with fluorescent Concavalin A
demonstrates cortical contraction that iseliminated upon inhibition of myosin-II. Combined inhibition of myosin and
Arp2/3-complex results in elimination of reversed cytoplasmic streaming.
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In their natural environment, microbes organize into communities held to-
gether by an extracellular matrix composed of polysaccharides and proteins.
We have developed an in vivo labeling strategy that allows the extracellular
matrix of developing biofilms to be visualized with conventional and super-
resolution light microscopy. Here we show that Vibrio cholerae biofilms
have three distinct levels of spatial organization: cells, clusters of cells, and
collections of clusters. Subsequent multiresolution imaging of living V. chol-
erae biofilms revealed the complementary architectural roles of the four
essential matrix constituents. RbmA
provides cell-cell adhesion, Bap1 al-
lows the developing biofilm to ad-
here to surfaces, and heterogeneous
mixtures of Vibrio polysaccharide
(VPS), RbmC, and Bap1 form the
dynamic, flexible and ordered enve-
lopes that encase the cell clusters.
The ability to observe living biofilms
develop with nanometer-scale preci-
sion and molecular specificity allows
their fundamental construction and
architectural principles to be
established.3135-Plat
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A series of advances over the past decade have made the combination of
coherent Raman scattering (CRS) with optical microscopy a highly sensi-
tive and chemically selective tool for the label-free and noninvasive analy-
sis of chemical species or biological components inside a sub-femtoliter
probe volume [1]. By exploiting the coherent driving and detection of
Raman modes in coherent anti-Stokes Raman scattering (CARS) and stim-
ulated Raman scattering (SRS), CRS microscopy allows the point-by-point
chemical mapping of living cells and tissues, which is often difficult to at-
tain by fluorescence and incoherent vibrational microscopy techniques.
Here, we focus on two modalities of CRS imaging that allow label-free
and quantitative biomedical research: First, single-frequency SRS imaging
[2] is applied for the non-invasive mapping of lipids and proteins in skin
cells and tissue tumor diagnostics. Second, in order to obtain unprecedented
fast access to the full wealth of chemical and physical structure information
of an a priori unknown biomolecular sample, we have also implemented
hyperspectral CARS imaging [3]. Using this new technique, we demon-
strate the 3D visualization of intracellular chemical composition and lipid
structure properties inside a living cell, which cannot be obtained by con-
ventional methods.
[1] A. Volkmer, Chapter 6: Coherent Raman scattering microscopy, in Emerg-
ing Biomedical and Pharmaceutical Applications of Raman Spectroscopy, Eds.
P. Matousek and M. Morris, 2010 (Springer-Verlag, Berlin, Heidelberg, New
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